heterogeneities. We found that the variation in ecosystem functions was primarily controlled by 31 environmental conditions, with diversity metrics accounting for a smaller (but significant) 32 amount of variation in function. When landscapes were more homogeneous, α, β, and γ diversity 33 was not associated with differences in primary production, and only γ was associated with 34 changes in decomposition. In these homogeneous landscapes, differences in these two ecosystem 35 functions were most strongly related to nutrient and temperature conditions in the ecosystems.
Introduction

50
Human activities have dramatic impacts on the abiotic conditions and biota of natural both scale-and question-dependent. Local diversity, the number of species occurring within a 68 local ecosystem is usually referred to as α-diversity (hereon "α"). Landscape-level or regional 69 diversity (i.e., the number of species observed across individual ecosystems) is termed γ-70 diversity (hereon γ). Turnover among communities within a region (differences in community 71 composition or α among local ecosystems) has been broadly referred to as β-diversity (hereon
72
"β", Whittaker 1972 ).
73
There is growing consensus among ecologists that higher biodiversity often begets increased 74 levels of ecosystem functioning across many types of ecosystems (Cardinale et al. 2012a ). In (Isbell et al. 2017) , and assumes that the processes driving the relationship 82 are equal at the ecosystem and landscape level.
83
Within a single ecosystem, or a homogeneous landscape of abiotically similar ecosystems, 84 species sorting may lead to a single, "functionally optimal" community, composed of taxa with a 85 series of traits and population densities that are well suited to exploit available resources.
86
Furthermore, theory suggests that community composition should be similar across such 87 landscapes because the available niches ought to be filled by the same species in each ecosystem 88 (Kraft et al. 2008) . In this case, we would therefore expect that α would be similar among 89 ecosystems, and both β and γ should be relatively low. In contrast, as environmental conditions 
106
To understand how differences in landscape-level environmental dissimilarity can alter the 107 relationships among ecosystem functions and α β γ, we used data from an outdoor freshwater 108 mesocosm experiment in which invertebrate community composition and core ecosystem 109 functions were measured. Temperature and nutrient conditions were manipulated, and the 110 subsequent variation in conditions among mesocosms was used to create simulated landscapes 111 with differing levels of environmental dissimilarity. This approach allowed us to examine how 112 the relationships between ecosystem functions and α β γ varied with environmental dissimilarity. identical communities were initially inoculated, would mean that differences in diversity were 150 generated predominantly through species sorting under the different treatment conditions within 151 the mesocosm, and stochastic processes. After 12 months, abundance data on 25 benthic macro-
152
invertebrates and 16 zooplankton taxa were used to calculate α, β, and γ diversity of consumers.
153
Benthic macroinvertebrates were sampled with two 0.02m 2 cylinder pipe samples per tank along 154 with quantitative wall and water column sweeps, whereas zooplankton were collected in a 10L landscapes with environmental dissimilarities of 8. We therefore excluded temperature and 210 nutrient covariates from these regressions.
211
We further determined how two ecosystem functions (NEP and leaf litter decomposition)
212
were associated with α, β, and γ. As NEP was estimated as the difference between 
Results
247
When α, β, and γ were measured in terms of their numbers equivalents (true diversity), Fig. 2 ). However, we observed a wide range of β across all levels of environmental 255 dissimilarity, and there was substantial overlap of the ranges (Fig. 2) . This high level of overlap environmental dissimilarity increased (Fig. 2) . NEP was associated with significant changes in α 271 and γ (P < 0.001), although neither diversity metric significantly interacted with environmental increased at all levels of environmental dissimilarity ≥ 3 (Fig. 2a) . Across all levels of 276 environmental dissimilarity, the proportional change in NEP associated with α varied from 0.030 277 when environmental dissimilarity was 3, to 0.044 when environmental dissimilarity was 8 (Fig.   278 2b). NEP was involved in a significant positive relationship with β at environmental dissimilarity 279 levels ≥ 3 (Fig. 2a) , and accounted for between 0.034 and 0.080 of the variation in NEP (Fig.   280 2b). The relationships between NEP and γ were positive when environmental dissimilarity was ≥ 281 3 (Fig. 2a) . The proportion of variation in NEP associated with γ ranged between 0.037 and 282 0.060 (Fig. 2b) . The relationship between NEP and nutrients was positive across all 283 environmental dissimilarities where it could be assessed (level 8 could not be assessed) (Fig. 2a) , positive across all levels of environmental dissimilarity where it could be assessed (Fig. 2a) , and 287 temperature accounted for between 0.010 and 0.017 of the proportional variation (Fig. 2b) .
288
The global analysis revealed that landscape-level leaf litter decomposition was 289 significantly associated with an interaction between β and environmental dissimilarity (F (1,4835) = 290 32.12, P < 0.001). The direction of this interaction indicated that the slope of the relationships 291 between β and decomposition increased with increasing environmental dissimilarity.
292
Decomposition rates varied with both α and γ (both P < 0.001), although neither one significantly 8, but no significant relationship when environmental dissimilarity was 0, or 4 -7 (Fig. 3a) . The between decomposition and β increased as the environmental dissimilarity index increased (Fig.   305   3a) . The proportion of variation in decomposition explained by β ranged between 0.01 and 0.14 306 (Fig. 3b) . Decomposition was positively associated with γ at all levels of environmental 307 dissimilarity (Fig. 3a) , although the amount of variation accounted for by γ decreased with 308 increasing environmental dissimilarity from 0.27 to 0.06 (Fig. 3b) . At levels of environmental 309 dissimilarity where they could be assessed (< 8), decomposition rates were higher in landscapes 310 with elevated nutrient and elevated temperature mesocosms (Fig. 3a) . These environmental 311 conditions accounted for the majority of the variation in decomposition (up to 0.35 for 312 temperature at environmental dissimilarity =0), although the proporiton they accounted for 313 decreased (Fig. 3b) .
314
Quantitatively similar relationships between environmental dissimilarity, diversity, and were calculated using abundance-weighted metrics, they tended to account for slightly more of that this abiotic factor may represent a stressor on the ecosystem, reducing the diversity present.
359
The increase in β associated with elevated nutrients and temperature suggests that as nutrients 360 and temperature increase, stochastic determinants of community composition such as priority 361 effects become stronger (Chase 2010) , enhancing dissimilarity among ecosystems.
362
The positive relationships between NEP and α and β at environmental dissimilarity 363 greater than 0 would suggest that high primary production is providing a resource that can lead to and β and primary production, together with the high proportion of variation associated with 370 elevated nutrients suggests that, in our system, primary production and the invertebrate consumer 371 community it supports is strongly influenced by bottom-up processes.
372
Rates of leaf litter decomposition were not associated with either α or β when have occurred through a priming effect, as increased primary producer biomass leads to the 378 production of algal-based C exudates that can stimulate bacterial growth (Danger et al. 2016 ).
379
Unlike primary production, which can be influenced by both consumption and algal growth,
380
litter standing stocks can only be influenced by consumption as there was no leaf litter addition.
381
This lack of an addition mechanism could potentially explain why diversity had a stronger 382 general impact on decomposition than primary productivity, where elevated nutrients are likely 383 to promote algal growth and counteract the effects of consumption.
384
Our study provides compelling evidence that β-diversity may increase ecosystem 
